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REPORT

[To accompany S. 1286]

The Committee on Commerce, Science, and Transportation, to which
was referred the bill (5. 1286) to establish a program to conduct re-
search and development for improved manufacturing technologies,
and for other purposes, having considered the same, reports favor-
ably thereon with an amendment in the nature of a substitute and rec-
ommends that the bill do pass.

PURPOSE AND BRIEF DESCRIPTION OF MAJOR PROVISIONS OF THE BILL

The purpose of S. 1286, as reported, is to restore and enhance Amer-
ican technological leadership and innovation in manufacturing
through reinvigorated university research, with a participating role
for industry. By supporting university research in advanced manu-
facturing technologies, the bill also encourages the training of stu-
dents in, and promotes the importance of, the manufacturing field
within the engineering discipline.
The bill, as reported, authorizes the establishment of a new pro-

gram in the Department of Commerce for research into advanced
manufacturing processes and methods. The bill contains five major
provisions, designed to address the findings of the Committee and to
achieve the stated purposes and goals:

1. Centers for-Manufacturing Research and Technology Utilization
(Section 5 ) .
The bill authorizes the Secretary of Commerce to enter into co-

operative agreements with consortia ( defined as groups consisting
of a nonprofit research institution and such other entities as States,
industry, industry associations, etc.) to establish and support geo-
graphically distributed centers. These centers will conduct research
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on new technologies and/or on methods of increasing the utilization
by private industry of existing advanced manufacturing methods.
The research carried out at the centers may be directed to the needs
of a particular industrial sector. The Secretary is directed to enter
such agreements with applicants who meet the criteria of the act,
and as the Secretary shall establish.
2. Research Grants and Contracts (Section 5).
The bill authorizes the Secretary of Commerce to award grants

and enter into contracts to provide for research in fields relevant to
manufacturing methods and processes. The Secretary is directed to
award such grants and enter into such contracts with applicants who
meet the criteria of the act, and as the Secretary shall establish.
3. Program for Advanced Manufacturing Methods Utilization

and Impact Assessment (Section 6) .
The bill authorizes the establishment of experimental activities,

within the Department of Commerce, to identify approaches for
enhancing the utilization by industry of technologically advanced
manufacturing methods. Such approaches may include, for example,
innovative programs in technology transfer.
The bill also directs the Secretary to establish a program to identify

the effects of enhanced usage of advanced manufacturing methods
upon workers, including the potential need for retraining of displaced
workers.
4. Competitiveness Studies (Section 7).
The bill directs the Secretary to analyze the long term ability of

certain technology-sensitive industrial sectors to remain competitive.
The bill provides specific factors which shall be included in the study
of such industrial sectors.

5. Manufacturing Sciences and Technology Enhancement Advisory
Committee (Section 8).
The bill authorizes the establishment by the Secretary of an Ad-

visory Committee to: review criteria and policies for grants, contracts
and cooperative agreements; assess the effectiveness of the activities
established by the act; and submit on an annual basis a report and
recommendations on the progress of programs and activities author-
ized by the act. The Advisory Committee will include representatives
from technology-sensitive industrial sectors, labor, the manufacturing
research community and such other groups as the Secretary considers
appropriate.

BACKGROUND AND NEEDS

The role of manufacturing in the U .8 . economy
Manufacturing is one of the most important sectors of our economy.

Along with agriculture, mining, construction and services, manufac-
turing provides the basis for our Nation's economic output.
The manufacturing sector as a whole contributes approximately one-

fifth of the U.S. Gross National Product (GNP) and a similar frac-
tion of all civilian employment. Thus, simply on the basis of contri-
butions to output and employment, manufacturing is of the utmost
importance to the Nation. However, data on production and jobs alone
fail to capture the full role of manufacturing in the economy. In a
very real sense, without a viable and vibrant manufacturing sector, the
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U.S. economy could not exist in its current form and at its current level
of wealth per capita.
• Since World War II, manufacturing has held a relatively constant
share of total U.S. economic dctivity measured in term of GNP, with
its fraction of GIN P rising from just above 24 percent in 1947, to a
'high of just over 25 percent around 1965, and declining since to a low
of 22.6 percent in 1982. The fraction of civilian employment accounted
for in manufacturing has declined from above 27 percent in the mid-
1950's to 18.6 percent in 1983.
Manufacturing is defined as the branch of industry that uses labor

and capital to convert raw materials and semifinished parts into goods
for use by consumers or other industrial firms and that does so at
plants with fixed locations. Most manufacturing is done in large
factories, but a substantial part of manufacturing in the United States
is done by small firms. For example, firms employing less than 500
people were responsible for 29 percent of all manufacturing output in
1982.
Manufacturing industries range from the very latest "high tech"

industries producing electronic components, computers, and genet-
ically-engineered biopharmaceuticals, to the most mature of indus-
tries whose "low tech" products include such items as bricks, carbon
steel, and wooden boxes. No program to address the challenges and
opportunities faced by the manufacturing sector can be complete
unless it addresses the diversity of needs of firms of different sizes
and in different sectors.
Manufacturing industries can be divided into those that are pre-

dominantly devoted to forming and/or assembly of mechanical or
electrical products from discrete parts, and those that employ con-
tinuous chemical and/or physical processes to convert basic raw mate-
rials into finished raw materials of a nondiscrete nature. The former
include the automobile home appliance, optical and medical instru-
ment, and furniture industries, while the latter include such indus-
tries as chemicals; petroleum, steelmaking and glassmaking.
In general, the scientific basis for designing and improving manu-

facturing technologies employed by the chemical process industries
is more firmly established than it is for manufacturing technologies
used in the assembly and forming industries. The fields of chemical,
petroleum and metallurgical engineering are based on sophisticated
principles and methods of design and analysis, whereas the field of
manufacturing engineering, which is more closely associated with
the assembly and forming industries, is not so well-established. The
reasons for this difference include the differing nature of the tech-
nologies historically employed, and the different bases for competition
among firms in the different classes of industries. For example, com-
petition in the process industries tends to be based heavily on small
price differences for similar products whereas competition in the
assembly and forming industries is based more on product differences.
Relationships between academia and industry are better-established

in the process industries, which tend to be dominated by a few large
firms with common interests in process improvements, than in the as-
sembly industries, which tend to have a much greater diversity of pro-
ducer firms with less common interest in improving particular tech-
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niques of manufacturing. This last factor has contributed to a better
match of the interests and skills of engineering faculty and students

iwith those of industry in the process sector than n the assembly sector
of manufacturing. In turn, this has contributed to a more effective sys-
tem for developing and using better manufacturing techniques in the
process industries than in the others. The experiences of the process
industries may offer some useful insights into how the technologies 9f
the assembly and forming industries might best be improved.
Observation of the evolution of the manufacturing technologies in

a variety of industries suggests that a pattern is generally followed. In
the eary stage of a new industry, firms focus on developing and im-
proving the characteristics of the new products they wish to market.
At this stage, manufacturing methods are usually ad hoc in nature.
Skilled workers make the product, and they work closely with de-
signers, engineers and entrepreneurs to piece together production
methods and to address production difficulties. If the new product be-
comes successful in the market and the pressure grows to cut costs
in order to meet competition or to increase sales, attention turns to
improving the efficiency and economics of the process. Later, as the
characteristics of the most successful product variant beome fixed and
widely accepted, attention turns to consolidating production in a few
large plants and to exploiting economies of scale, while reducing the
number of product types that are produced.
Manufacturing process innovation can be either evolutionary or

revolutionary in character; that is, innovations can be incremental or
major. Typically, major innovations originate in research laboratories
and they often come from small firms or from new entrants to an in-
dustry. They are less likely to come from large, well-established firms
already in an industry. On the other hand, incremental innovation in
manufacturing processes often comes from the people most closely con-
cerned with the existing technology, such as production supervisors,
operators, manufacturing engineers and equipment suppliers.
The decline of U.S. manufacturing industries is a major develop-

ment in our Nation's history. Beginning with the industrial revolution
shortly before the Civil War, manufacturing industry growth has been
the principal vehicle of U.S. economic growth. Until 1966, manu-
facturing industries grew substantially more than did the economy
overall. After 1966, this relationship changed (Chart 1).
Over the period 1974-82, a number of manufacturing industries ex-

perienced a decline in real output. As a group, the primary metals in-
dustries experienced an annual average rate of decline in real output
of 7 percent per year. Other industries with an annual average rate of
decline in output of 1 percent per year or greater include tobacco
products, petroleum refining, and motor vehicles and equipment. De-
clines of nearly 1 percent per year in real output Were seen in leather
and leather products, and in lumber and wood products.
Manufacturing employment historically grew more slowly than did

the economy as a whole. It dropped from 34 percent of all payroll em-
ployment in the period 1948-52 to 22 percent by 1978-82 (Chart 2).
By the early 1980s, signs had become unmistakable that manufactur-

ing industries of other nations were surpassing many of our own in-
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dustries. During the period 1974-1981, the share of domestic markets
held by imports doubled or nearly doubled in five industries: tobacco
products, apparel, furniture and fixtures, leather and leather products,
and miscellaneous manufactures.
However, manufacturing production also has slowed in some other

countries (Chart 3). Manufacturing output in other OECD countries
rose only slightly more than in the United States. But manufacturing
production has continued to soar in Japan.
In the late 1960s and early 1970s, Japan engaged in a massive wave

of investment and continues to devote between 5 and 6 percent of GNP

Chart 1 Chart 2

Real Value of Industrial Production as a Percent of Manufacturing's Share of Employment, 1950-1982
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to manufacturing investment. In contrast, manufacturing investment
as a share of GNP is between 3 and 4 percent in the -United States
(Chart 4).
"Report on U.S. Manufacturing Industries," Data Resources, Inc. Permission

to reprint the charts contained herein is gratefully acknowledged.

Other major industrialized nations also have done a better job of
increasing manufacturing productivity over the past 15 years. Except-
ing the United Kingdom, most have improved their position relative
to the United States.
New challenges and new opportunities for U.S. manufacturing indus-

tries
Today our Nation's manufacturing industries face challenges and

opportunities of unprecedented magnitude, including: the eroding
position of certain sectors in international trade, the indications that
the average age of manufacturing equipment in U.S. factories is sig-
nificantly greater than that in competitor nations abroad, and the de-
clining reputation of important U.S. consumer products, such as auto-
mobiles and consumer electronic equipment.
Another factor challenging the U.S. manufacturing sector is the re-

latively weak educational base of its skilled laborers and engineers.
Historically, manufacturing has not offered challenging engineering
positions to new graduates, due, in part, to the limited opportunities it
has offered for developing creative new technologies. Other areas of
endeavor have been more attractive to engineers, such as defense, space,
enegry, product design, and biomedical engineering. These have been
the growth areas, while manufacturing has been acknowledged to be
unglamorous and on the decline.
At the same time that it faces the challenges of decline and competi-

tion, the manufacturing sector stands at the brink of enormous oppor-
tunities to develop, adapt and use new and better technologies. Largely
as a consequence of developments in computing, such techniques as
computer-aided design and manufacturing (CAD/CAM) , robotics,
laser and fiber optics, and the like offer the potential to automate manu-
facturing to a much higher degree than previously possible to produce
a wider variety of products at lower costs and greater efficiency.
Beyond merely substituting for existing manufacturing technolog-

ies, such methods offer the possibility of entirely new modes of produc-
tion. For example, in order to achieve low cost and high productivity,
it may no longer be necessary to make large lots of identical products
at large scale on highly integrated assembly lines. Instead, with little
or no sacrifice in cost, mass production may give way to flexible produc-
tion in which a range of products is made on "smart" production lines
to meet the special needs of small numbers of customers. Such flexible
manufacturing systems may also facilitate the manufacturing of prod-
ucts on a smaller scale than was previously economical and thus facil-
itate greater regional dispersion of key manufacturing industries. Even
if such Products cost marginally more than ones made abroad using
standard mass production techniques in low wage areas, they will be
able to compete based on superior availability and responsive tailoring
to meet customer needs. This approach should help to preserve the



high rate of productivity growth that is the foundation of continued
wage increases for industrial workers.
With regard to technology, two major aspects are of importance.

First, research is needed to help traditional and/or fragmented indus-
tries to develop new technologies that will meet the goals of higher
productivity, flexibility and product quality that the marketplace
now demands. The Committee believes that a program to encourage
cooperation between firms and universities will be an effective ap-
proach to this need. Such a program will also help to reorient the
interest of some university faculty and graduate researchers toward
investigating the problems of manufacturing, and toward developing
new manufacturing technologies.
Second, the Committee believes that it would be useful to explore

ways to help firms make better use of the manufacturing technologies
that are already available. For example, it may be possible to make
use of the same information technologies that are revolutionizing
manufacturing technology to assist in the dissemination of informa-
tion about that technology to prospective users.

Finally, the Committee notes that it is important for manufactur-
ing industries and their suppliers to take a strategic and long term
view of their competitive circumstances. The Committee has provided,
therefore, for the Federal Government, through the Department of
Commerce, to engage in experimental efforts to improve the art of
competitive assessment at the industry level. This program would
provide a basis for improved decisionmaking in the Federal Gov-
ernment about technology and industrial competitiveness and would
provide a test bed for improving the methods by which individual
firms can do similar analyses of their own positions vis-a-vis foreign
competitors.

LEGISLATIVE HISTORY

S. 1286 was introduced on May 16, 1983, by Senator Slade Gorton,
and co-sponsored by Senators Goldwater, Trible, Heflin, Riegle,
Lautenberg and Tsonps. The Subcommittee on Science Technology
and Space held hearings on the bill on June 21, 23, November 23,
December 6, and 7, 1983. During the hearings and throughout the
year, the Committee received testimony from numerous interested
parties, including the Science Advisor to the President, the Depart-
ment of Commerce

' 
the National Science Foundation, the Tennessee

Valley Authority, Marshall Space Flight Center, the General Ac-
counting Office, the National Association of Manufacturers, the Amer-
ican Business Conference, the National Research Council, the Ameri-
can Association of Universities, the AFL—CIO, private industry, and
the academic community.
On March 27, 1984, the Committee ordered S. 1286 reported with

an amendment in the nature of a substitute. The reported bill is quite
similar to S. 1286 as introduced.

ESTIMATED COSTS

In accordance with paragraph 11(a) of rule XXVI of the Standing
Rules of the Senate and section 403 of the Congressional Budget Act
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of 1974, the Committee provides the following cost estimate, prepared
by the Congressional Budget Office:

Hon. BOB PACKWOOD,
Chairman, Committee on Commerce, Science and Transportation,,

U.S. Senate, Dirksen Senate Office Building, Washington. D.0 .
DEAR MR. CHAIRMAN: The Congressional Budget Office has prepared

the attached cost estimate for S. 1286, the Manufacturing Sciences and
Technology Research and Development Act of 1984.
If you wish further details on this estimate, we will be pleased to

provide them.
Sincerely,

U.S. CONGRESS,
CONGRESSIONAL BUDGET OFFICE,

Washington, D .0 ., April 25, 1984.

RTJDOLPH G. PENNER,
Director.

CONGRESSIONAL BUDGET OFFICE COST ESTIMATE

1. Bill number: S. 1286.
2. Bill title: Manufacturing Sciences and Technology Research and

Development Act of 1984.
3. Bill status: As ordered reported by the Senate Committee on

Commerce, Science and Transportation, March 27, 1984.
4. Bill purpose: S. 1286 would establish a program within the De-

partment of Commerce (DOC) to conduct research and development
for improving manufacturing technologies. The Secretary of Com-
merce would be authorized to award grants and contracts totalling $20
million in 1985 and $30 million in each of the years 1986 through 1988,
and to enter into cooperative agreements totalling $15 million in 1985
and $25 million in each of the years 1986 through 1988. S. 1286 would
require the Secretary of Commerce to establish a program of experi-
mental activities to identify the most feasible means of improving tech-
nologically advanced manufacturing methods, and would authorize
the appropriation of $10 million in 1985 for this purpose. The bill
would also authorize the appropriation of $2 million in each of the
years 1985 through 1988 for the DOC to conduct studies of various
industrial sectors considered vulnerable to foreign competition.

5. Estimated cost to the Federal Government: 

Authorization level:
Fiscal year:

1985   $47
1986   57
1987   57
1988   57
1989  

Estimated outlays:
Fiscal year:

1985   12
1986   33
1987   51
1988   
198943
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In addition to the amounts specifically authorized, the bill would
require the Secretary of Commerce to establish a Manufacturing
Sciences and Technology Enhancement Advisory Committee to annu-
ally evaluate and recommend activities to be carried out under this
Act. It is estimated that approximately $200,000 would be required for
the advisory committee in each year.
The costs of this bill fall within budget function 370.
Basis of Estimate: For purposes of this estimate it was assumed that

the amounts authorized in the bill would be appropriated prior to the
beginning of each fiscal year. Outlays were estimated to be 25 percent
the first year, 40 percent the second year, 30 percent the third year,
and 5 percent in the fourth year.

6. Estimated cost to State and local governments: States would be
allowed but not required to participate in certain programs authorized
by S. 1286. It is not possible at this time to estimate this level of
participation, however.
7. Estimate comparison: None.
8. Previous CBO estimate: None.
9. Estimate prepared by : Mary Maginniss.
10. Estimate approved by: James L. Blum, Assistant Director for

Budget Analysis.

REGULATORY IMPACT STATEMENT

In accordance with paragraph 11(b) of rule XXVI of the Stand-
ing Rules of the Senate, the Committee provides the following evalua-
tion of the regulatory Impact of the legislation
The bill, S. 1286, provides for certain measures intended to stimulate

U.S. industrial and technological innovation. The bill authorizes the
establishment of cooperative agreements between the Secretary of
Commerce and consortia of research institutions and industries to
fund Centers for Manufacturing Research and Technology Utilization.
The bill does not regulate private business activity, or any private

activity. The Committee concludes, therefore, that the implementation
of this bill will have no impact on the personal privacy of any indi-
vidual or business. The only records that may be required to be kept
by any business will be those that will permit an adult and evaluation
by the Secretary of Commerce of the disposition of any proceeds re-
ceived by the centers from a grant or cooperative agreement. No re-
ports will need to be filed by any individual or business as a result of
the enactment of S. 1286.

SECTION-BY-SECTION ANALYSIS

Section 1
Cites the short title as the "Manufacturing Sciences and Technology

Research and Development Act of 1984."

Section 2
Finds that manufacturing is a significant element of the Nation's

economic well-being and employment, but that domestic manufactur-
ing is threatened by foreign competition due, in part, to outdated
methods and processes.
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Section 3
States the purpose of the act as establishment of a program to con-

duct research in manufacturing technologies.

Section 4
Defines "consortia" as a group of institutions that include a non-

profit research institution and other entities; and contains other defini-
tions.
Section 5
Authorizes funding of grants to contracts with nonprofitt research

institutions, private industry or industry associations, universities or
colleges, centers established pursuant to the act, or any other institu-
tion which the Secretary considers appropriate.
Authorizes funding of cooperative agreements with consortia for

establishment and support of centers, pursuant to the act, to conduct
research on manufacturing methods and processes.
Grants, contracts, and cooperative agreements will provide for re-

search on more efficient manufacturing processes—defined as those that
can produce similar products at lower costs that can be adapted to a
wider variety of products, or that can produce products with higher
quality and higher reliability. Such processes and methods may in-
clude:

1. Computer-assisted design;
2. automated materials handling, processing, and assembly;
3. automated testing;
4. machine adaptive learning; and
5. integrated manufacturing systems, including interface of

automated machines with automated and nonautomated machines,
with production and design personnel, and with other systems (in-
cluding testing devices, design systems, and inventory control
systems) ;

6. machine and process control strategies; and
7. automated sensing for machine and process control and

product testing.
Research at the Centers may be directed toward problems or proc-

esses and methods appropriate to specific industrial sectors.
The Committee believes that the current program at the National

Bureau of Standards (NBS ) in state-of-the-art manufacturing proc-
esses and the challenges inherent in automating manufacturing proc-
esses will offer a valuable resource to the centers established pursuant
to the act. The bill therefore directs the Secretary to maintain at the
NBS a research program for furthering the state-of-the-art of auto-
mating manufacturing processes through the development of:

A. measurement standards;
B. standard practices;
C. protocols for quality and process control;
D. materials processing;
E. application and interfacing of computers; and
F. other appropriate technologies related to automated manu-

facturing methods and processes.
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Section 6
Authorizes funding for the Secretary of Commerce to identify ways

of enhancing utilization of advanced manufacturing methods and to
identify the impact on workers of such enhanced utilization.
Section 7

Authorizes funding for the Secretary of Commerce to conduct assess-
ments of the long term competitiveness of domestic technology-sensi-
tive industrial sectors.
Section 8

Establishes the Manufacturing Sciences and Technology Enhance-
ment Advisory Committee to review criteria for grants and coopera-
tive agreements and to assess the programs of the act. The Committee
believes that staffing by existing personnel at the Department of
Commerce will be sufficient to meet the Advisory Committee's needs.

CHANGES IN EXISTING LAW

In compliance with paragraph 12 of rule XXVI of the Standing
Rules of the Senate, the committee states that the bill as reported
would make no change to existing law.

0
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